
.’ 

’ I 

: 

/ 

I 

: 
. . . . .A 
.I : 

:. 
_ 

: 

. . .“. 

;_ / 

‘; 

t ‘.,’ 
-. 

,, .. 

,x, 

‘I : :. 
.:;- 

.:.- ‘,. 

,: 

.” 



NACA RM No. Lp= 

JVATIONAL ADVISORY C- --FOR-A&NAUTICS 
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, 

Bureau of Aeronautics, Navy Departi&. 
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AN INVESTIGATION OF THE &RODYNAMIC CHAHAC‘IXRISTICS OF AN <' 

0..08-scm timEL OF THE CHANCE VOUGHI' XF7U-1 AIRPLANE 

IN THE LANGLEY HIGH-SPHND 7- BY LO-FOOT TUNNEL 

PART IV - AIXZRON CHAHACTERISTICS . 
. 

TELb NO. NACA DE308 

By Kenneth W. Goodson and Boyd C. Myers, 11 

SUMMARY 

Tests have been conducted in the Langley high-speed 7- by 
lo-foot tunnel over a Mach number range from 0.40 to 0.91 to 
determine the stability snd control characteristics of an 0.08-scale 
model of the Chance Vought m-1 airplane. The'ailgron charac- 
teristics of the complete model are presented in the present report 
with a very limited analysis of the,results. 

lN!Ll?ODUCTION 

At the request of the Bureau of Aeronautics, Navy Department, 
an investigation of the stability and control characteristics of 
an 0.08-scale model of the Chance Vought XF7U-1 airplane was con- 
ducted in the Langley high-speed.7" by lo-foot tunnel. 

The control surfaces of this model are referred to as ailevators 
by the.manufacturer and are used a? elevators or aileronsti The 
aileron characteristics are presented In the preeent paper. The 
results presented include.rolling-moment, yawing-moment; end 
later&,-force data for the complete model for aileron (ailevator) 
deflections varying from approximately 4o to--19' over en angle of 
attack range for Mach numbers ranging from 0.40 to 0.91. 

1 . 
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The present paper ia published'wlth'the &rpoSe of preeenting 
the data immediately available from high-Speed tests of an 0.08~scale 
model of the Xl??U-I airplane. .Accordingly, no detailed analysis of 
the data haa been made. ,. 

The basic longitudinal Stability characteristics and the basic 
lateral stability characteristics are presented in referencee 1 
snd 2, respectively. The longitudinal control characteristics are 
presented in reference 3,. 

.I col!lElncIENTs’AND SYMBOLS * 
. 

The System of axes used for the presentation of the data 
together with sn'indication of.the sense of the positive forces, 
moments, and diaplac?ments is presented in figure 1. Pertinent 
symbols are defined as followiJ: 

CL 

CD 

CY 

lift coefficient Lift 
( > ns 

cn 
I 

% 

Y 

L 

N 

4 

S 

C’ 

C 

drag coefficient 

lateral-force coefficient 

: 
rolling-moment coefficient 

lateral force measured along Y-axis 

rolling moment about X-axis 

yating,moment about Z&is -. 

freeL,f&eam dynemic pressure, pounds per square foot Pfl 
. ( > 2 

wirig area (3.174 sq ft 6n model) '. 

w&g mean geometric chord (MT?&?,) (1.646 $'t on m&d&) , 
chord, .psrallel to plane~~,~f f$mmetry, 
: I, . . ,. : . . 4 

u 
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c1 
b 

'.V 

6 

.w 
, 

R 

P 

chord, perpendicular to O.&c line 

,ting span (3.093 ft on model) 
. 

air velocify, f.eet per second 

: : speed of s&ncI,, feet p,er second 
, ,: .,, .- 

I. . . . . 

. ; :' " .' 
i. 

absolute ?iscosity, pound-seconds. per square foot 
~ 

mass density of air, slugs per cubic .foof 

angle of attack,, measured from the X-+x18 to the fuselage 
center line, degrees 

%3tatic angle of attaok under no load conditions 

angle of yaw, degrees 

6 control-surface. deflection with.referenCe to wing chord 
. . ,line paral$el. to the,plane of syxmnetry, degrees 

'. 
Subscripts: : t 

'. - ..,, '. . 
at 1 left ailbvator i, i . . 
&r *' right' ailevatur .' .' 

. A??PliRmJsANDMETH~Ds : ‘, 
* . . 8 

Model 

The 0.08-scale steel model of the,XF@J-1 airplane used in this 
investigation was constructedSby th8 Chance Vought Aircraft Division 
of the United Aircraft Corporation. Pertinent dimensions of the 
model &re presented in figure 2. The control surfaces (ailevators) 
were constant chord with sealed gaps. I , 
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.Teqts 

The model W&B tested through the Mach number range at varioue 
an&~ of attack for several aileron [ailevator) deflections. To 
determine the alleron charwteristics, the model-was teeted with 
the left ailevator deflected'while holding the right ailevator in 
a neutral position. The model was.teeted on a eting support a8 
ehown in figure 3. In order to evaluate tares, the model was also 
testedeon wing tip stings (fig. 4) with and without the c,enter sting. 
A more complete descriptSon of the testing technique employed is 
given in reference 1. ., 

The variation of teyt Reynolds number w%th Mach nmber for 
average test conditiqns:is presented in figure 5. ,The,s$ze of the 
model used in the present invegtigation resulted in an effective 
tunnel choking Mach.number of about 0,94. Experience has indicated 
that with;this value of choking Mach number the data should be 
reliab1e.u~ to,effectI.ve Mach numbers of about 0.91. 

.~oRREcmol?s ’ 

The test results have been corrected for the tare forcee and 
moments produced by the support system.except for a small constant 
rolling-moment coefficient which.wa8 found .tq be caused by 
ektraneous forceg on the balance system but which was not accounted 
for in the tare determinat$on. The rolling-moment coeff%cients in 
this report can be corrected by subtracting the value 0.0008 from 
the rolling-moment coefficients pres,ented. This small correction 
should also be applied to the rolling-moment coefficients presented 
in reference 2. , 

The jet-boundary correction8 were computed from the following 
equations which were determined by the methodln reference 4. 

CC= a&J + 0*3PCI, 

CD = .%M + Q..oo5ec~2 

whore t&e subscript M in%lcates :the measured value. '.:' I 
All coefficients' and Mach numbers were corrected for blocking 

by the model and its wake. 
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Most of the test results presented are for the complete.model 
configuration consisting of the,wlng, ,fuselage, otiopy, .@,,. : 
vertical tails. (See figi;.)fip4rr tests,yere,zqde,$th the 
vertical tails removed. 8 * . 

.The.effect of aileron (aillevators used as ailerons) deflection 
'dn'the.1afera.l characteristica through the angle-of-attack rsnge 
for varlt:ous Maoh nuzibers is shown in figure 6. These data were 
corrected for the change of angle of attack caused by deflection 
of the support system when aerodynamic load was applied to the 
model. The drag characterietics through the angle-of-attack range 
for several MaF,h numbers are shown in figure 7. A plot of lift 
coefficient ag&.nst angle of attack for zero ailevator deflection 

'and for con&a&Mach numbers is presented in figure 8, The data 
ofqfigure 6 were cross plotted at constant angles of attack to 
obtain the variation of lateral OharaCt8riStiCS with Mach number 
for the various aileron deflections. (See fig. 9.) 

Data for the tail-off configuration at a static angle of attack 
of about 2O are presented in figure J.0. These data are uncorrected 
for the small changes in angle of attack of the model caused'by 
deflection of the sting support system. The data, however, can be 
compared with that of figure 9 inasmuch as the lateral charac- 
teristics are not particularly sensitive to angle of attack in 
this range. 

It is of interest to note that at low angles of attack there 
is au appreciable favorable yawing moment accompanying the large 
negative aileron deflections at all Mach numbers and that this 
yssiing moment decreases with increase of angle of attack. A 
study of figure 10 indicates that this favorable yating mament is 
attributable to the side force on the vertical fins induced by 
the deflected aileron (ailevator). The decrease In yawing 
moment with increase in angle of attack Is probably caused by 
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&he variation with angle of a*tack of %he Incremental-drag co6fficient 
produced by the aileva-kor. (See fig. 7.) 

Lsn&ey Memorial Aeronautical Laboratory 
Nq,tio&l Advisory.Committee for Aeronautics . ” : 5 

Lsngley Field, Va.: r 

. 

Approve%: 
SC;. .z;7p.&~. &, 

Thomas A; Harris 
Chief of,Stability Research Division 

. .Kenneth W. Goodson 
Aeronaut&xi,% Engineer . 

&jJsp?yy.+I 
Boy% C: Myersi 1 

Aero'nauticd. Engineer 

’ 

‘.’ . 



NACARMNo. L7H22 

1. Kemp, William B., Jr., Kuhn, Richard E., end Goodson, Kenneth W.: 
An Investigation of the Aerodynat& C&wacteristlcs of sn 
0.08~Scale Model of the Chsnce Vought XF'7U-1 Airplane in 

7 

REFERENCES 

the Langley High-SpeSd 7- by lo-Foot Tunnel'. Part I - 
Basic Longitudinal Stability Characteristics. !PBD No. 
NACA ~1x308. NACA RM NO. ~7~08; Bm. AB~O., 1947. 

2. Kemp, William B., Jr., Coodson, Kenneth W., and Kuhn, Richard E.: 
An Investigation of the Aerodynamic Characteristics of an 
C,O8-Scale Model of the Chance Vought XF7U-1 Airplane in the 
Langley High-Speed 7- by lo-Foot Tunnel. Part II - Basic 
Lateral Stability Characteristics. TED No. NACA ~~308. 
NACA RM No. L7G10, Bur, Aero., 1947. 

3. Kuhn, Richard E., and King, Thomas J., Jr.: An Investigation of 
the Aerodynamic Characteristics of an 0.08~scale Model of 
the Chance Vought XF+?Uvl Airplane in the Langley High-Speed 
7- by lo-Foot Tunnel. Part III - Longitudinal Control 
Characteristics. 
Bur. Aero., 1947. 

TED No. NACA DE308. 'NACA RM,,No. L7HO1, 

4. Gillis, Clarence L., Polhamus, Edward C., and Gray, Joseph L., Jr.: 
Charts for Determining Jet-Boundary Corrp3ctions for Complete 
Models in 7- by lo-Foot Closed Rectangular Wind Tunnels. 
NACA ARR No. L5G31, 1945. 



+,  : . .  . , I  , . , . .  .‘,T 

: 



NACA PM No. L7H22 "'- ..' 

Figure 1." System of axes and control-surface deflections. Positive 
values of forces, moments, and tig1&1 are Indicated by arrows. 

Figure 2.- General arrangement of 0.08-sca,le model of Chsnoe-Vought 
XFW-1 airplane. 

Figure 3,.- Photograph of the,0.08-scale model of the XF7U-1 airplane 
mounted .on the center sting at a positive snae of attack. 

Figure 4.- Bhotograph of the 0.08..scale model of the XJ?7U-1 airplane 
with vertical tails removed mounted on the wing supports with 
c&it& stiiig in place, 

., 
Figure 5." Variation of test Re~OldB nwber with Mach number for 

0.08-scale XF7U-1 in the high-speed 7- by lo-foot tunnel. 

Figure 6.- Effect of aileron deflection through an angle-of-attack 
range on the lateral characteristics'df the 0.08-scale model of 
the Chance Vought XF7lJ-1 airplane,. Sa, = 0'. 

(a) M = 0.40. 

FIgure 6.- Continued. 

(b) M = 0.60. 

Figure 6.- Continue%. 

(c) M = 0.70. 

Figure 6.- Continued. 

(d) M = 0.80. 

Figure 6*- Continued. 

. M = . 

?I' .' (e) 0.6. :/ Figure 6.-'continued. 

(f) M = 0,875. 

Figure 6.- Continued. . 
(g5) M = 0.90. . . 
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FIGURELEGENDS - Concluded 

Figure 6.0 Concluded, 

(h) M = 0.91. 

Figure 7." Effect of aileron deflection through &I angle-of-attack 
rsnge on the drag characteristics of the 0.08-scale model of the 
Chance Vorught XFT-1 afrplane Ear a ,O". x 

Figure 8.- Variation of lift coefficient with angle of attack at 
various Mach numbers of the.0.08"scale model of'the Chance 
Vought XF7U-1 airplane, Sal = Gar = O". 

'_ 
Figure 9." Effect of aileron deflection through a Mach number range 

on the lateral characteristics of the ,0.08-stale ,model of the 
Chance Vought XF'?IJ-.1 airplsne Ear.7 0'. 

(a) a,= 0'. 
.I Figure 9:- Continued. 

(b) 2'. CC= 

Figure 9." Continued. 

(c) a# = 4O. 

Figure 9*- Continued. 

(d) a = 6O. 

Figure 9." Continued. 

(e) cc = 8', 

Figure 9.- Concluded. 

(f) & = loo. 

I. . 

Figure 10." %ffect of aileron deflection through a Mach nwnber range 
on the lateral characteristics of the 0.08"scale model of the 
Chance Vought XF'j'U-1 airplane Sar = Oo, vertical tails,off, 
astatic = 20* 
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figice l.-. System of axes and control-surface deflections. Positive 
values of fdrces, moments, and angles are indicated by arrows. 
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Figure 3. - Photograph of the 0.08-scale model of the XF7U-1 airplane mounted 
center sting at a positive angle of attack. 
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Figure 4.9 Photograph of the 0.08~scale model of the XF7U-1 airplane with 
removed mounted on the wing supports with center sting in place. 
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